Preparation of cell free extracts and electrophoretic mobility shift assays (EMSA).
Preparation of cell-free extracts from H. jecorina suitable for phosphorylation experiments and EMSA were carried out as described previously (34). DNA-binding was achieved by incubating 100 µg (cell free extract) or 25 ng (recombinant Cre1) protein with 5 ng of the respective labelled oligonucleotide. Synthetic, double-stranded oligonucleotides Cre1WT and Cre1MU were generated as described previously (26) For phosphorylation of Cre1, 25 ng of the dephosphorylated recombinant protein was incubated in a total volume of 20 µl containing 50 mM NaCl; 20 mM Tris/HCl pH 7,5; 10 mM MgCl 2 ; 1 mM DTT; 1 µM EDTA; 1 % (w/v) DMSO and 0.6 mM ATP. The reaction was started by the addition of 5 U protein kinase from porcine heart (Sigma) exhibiting 3':5'-cyclic AMP dependent phosphorylation activity. Incubation was carried out for 30 min Phosphorylation dependent DNA binding of Cre1 8 at 30°C. In selected cases, a total amount of 18.5 kBq of [γ 32 P]-ATP (111 mBq/mol) replaced the 0.6 mM ATP in the above described assay. The mixture from the incubation was then subjected to SDS-PAGE (labeled probes), followed by autoradiography (35) or used for EMSA (unlabeled probes).
For both phosphorylation and dephosphorylation assays, controls with heatinactivated (10 min; 68°C) enzymes were always included. including Trichoderma (Hypocrea) revealed the presence of several target sites for protein kinases, such as protein kinase C, casein kinase II, and cAMP-or cGMP-dependent protein kinase, which were conserved among these fungi ( Fig. 1 ), but not in S. cerevisiae. In contrast, no Snf1 kinase-like target motif (ΦXRX 2 SX 3 Φ; (36)), as present in Mig1, could be found.
RESULTS

Recombinant
To investigate whether the H. jecorina Cre1 protein indeed is a phosphoprotein, and which of the putative phosphorylation sites may function as a target for phosphorylation in vitro, we expressed a cre1 fragment encoding aa 54 to aa 292 -which bears all the mentioned phosphorylation consensus sites ( Fig. 1 ) -as a GST fusion protein in E. coli. As shown in (Fig. 2) , thus localizing the phosphorylated amino acid between aa 240 and aa 250 (Fig. 1) , i.e. within the sequence HSNDEDDHYH. To prove that S 241 within this region serves as an acceptor for phosphorylation, we mutated this S 241 to an A (Cre1 S241 →A). The result from this experiment (Fig. 2) demonstrates that the mutation renders Cre1 inert for phosphorylation.
Consequently, we deduce that Cre1 is phosphorylated at S 241 .
In vitro phosphorylation/dephosphorylation of S 241 in Cre1 regulates binding to its
Phosphorylation dependent DNA binding of Cre1 10 experiments with cell-free extracts from the Cre1-mutant strain H. jecorina RUT C-30.
These results (data not shown) confirmed that dephosphorylation completely destroys the specific DNA-binding of Cre1 present in cell-free extracts of H. jecorina.
From these data, we conclude that Cre1 requires phosphorylation to be capable of binding to its target sequence.
Cre1 S241 →A and Cre1 S241 →E mutants bind their target sites permanently. From the results described hitherto, we expected that a mutation in S 241 would lead to a loss of DNA-binding. Consequently, we mutated S 241 to an A, and tested the effect of this mutation on the ability of Cre1 to bind to its target sequence. However, in contrast to this expectation, a recombinant Cre1 S241 →A mutant protein showed equally strong DNA-binding as the control (compare Fig. 3A and 4A ), despite its inability to accept phosphorylation, and a similar finding was obtained with the truncated recombinant Cre1 fragment Cre1 54/240 (Fig.   3A) , which terminates before S 241 . We interpret these findings in such a way that the presence of S 241 in Cre1 requires its phosphorylation for Cre1 being able to bind to DNA, whereas in the absence of S 241 Cre1 can do so even without phosphorylation. This result was further endorsed by the fact that also a Cre1 S241 →E mutant protein shows permanent DNAbinding in vitro (Fig. 4A) .
Interestingly, the Cre1 S241 →A and Cre1 S241 →E mutant proteins only formed the lower molecular weight Cre1-DNA complex, indicating that the mutation of S to A and E respectively results in binding as a monomer only. In contrast, Cre1 54-240 exhibits both DNA-protein compexes.
In order to demonstrate that the results described so far are not just in vitro artifacts, Phosphorylation dependent DNA binding of Cre1 12
we transformed H. jecorina RUT C-30 with the cre1 gene harbouring the S 241 →A mutation to obtain strain SA19. H. jecorina RUT C-30, transformed solely with the hph cassette (strain H. jecorina HphT), and with the wild-type cre1 gene (strain H. jecorina CK11) were used as controls. Integration of just a single copy of the transformation cassette into the fungal genome was confirmed by Southern Blot analysis. These strains were then precultivated on 1% glycerol followed by replacement into the same medium containing 1% glucose. Cellfree extracts were prepared and used for EMSA analysis. DNA-binding to the synthetic oligonucleotide Cre1WT was observed by cell-free extracts from H. jecorina CK11 as well as SA19 bearing the Cre1 S241 →A mutation. H. jecorina HphT, the negative control, completely lacked the respective shift produced by the Cre1 protein (Fig. 4 B) . Competition experiments with an excess of non labelled Cre1WT and Cre1MU proved the Cre1/DNA complex genuine.
A H. jecorina Cre1 S241 →A mutant shows permanent carbon catabolite repression of cbh1 gene expression. In order to test whether this binding of Cre1 also results in the corresponding phenotype in vivo, we used the cbh1 (cellobiohydrolase I-encoding) genewhose expression is derepressed in a Cre1-non functional background (28) -as a model system. Cbh1 transcript cannot be detected on glucose in H. jecorina CK 11, but is clearly detectable in the Cre1-defective strain HphT. In H. jecorina SA19, however, no cbh1 transcript accumulation is apparent (Fig. 4C) . Also, no cbh1 transcript accumulates in H. jecorina SA19 during growth on the derepressing carbon source lactose, whereas its accumulation is detected in H. jecorina CK11 (Fig. 4C) . The abundancy of the cre1 transcript was similar in strains CK11 and SA19, ruling out the possibility that the finding may be due to either poor transcription of cre1 or cre1 transcript instability in strain SA19 (data not shown). These data therefore provide evidence that the S 241 →A mutation confers permanent porcine heart (Sigma). "free" indicated controls with GST elution buffer only. 
